Purpose: As the molecular basis of congenital heart disease (CHD) comes into sharper focus, cardiac genetics services are likely to play an increasingly important role. This study aimed to identify parents' preferences for, and willingness to participate in, clinical genetics services for CHD.
INTRODUCTION
Congenital heart disease (CHD) affects one in 110 newborns, or 1.35 million babies, worldwide each year and represents a major global health burden. 1 CHD is the most common cause of neonatal admission to pediatric intensive care 2 and a leading cause of infant death 3 and disease-related disability in children under 5 years of age. 4 Survival has markedly improved over the past two decades, and best estimates suggest that there are now well over 65,000 people in Australia and 2 million people in the United States living with CHD. 5, 6 Understanding of the genetic contributions to CHD is rapidly evolving. Chromosomal microarray 7 and massively parallel sequencing 8 technologies have made significant inroads, in terms of both CHD diagnosis and our understanding of the mechanisms underlying this disease. In individuals with familial CHD, for example, the chance of achieving a molecular diagnosis with massively parallel sequencing is now 31-46%. 9, 10 In individuals with sporadic CHD, de novo variation in known or novel CHD genes has recently been identified in a small proportion (~10%) of cases. 11 The genetic link between heart and brain development has also been established beyond the well-known genetic syndromes, expanding our knowledge of the mechanisms underlying the heightened vulnerability to neurodevelopmental impairment in children with CHD. 12 As the molecular basis of CHD comes into sharper focus, cardiac genetics services are likely to play an increasingly important clinical role. The American Heart Association's Scientific Statement on the genetic basis for CHD recommends that the approach to all newly diagnosed patients include routine examination of all relatives for a potential genetic contribution. 13 Within an interdisciplinary team approach, 13 cardiogenetics services require input from clinical geneticists specializing in the medical evaluation of people with CHD as well as genetic counselors skilled in providing tailored education regarding inheritance, recurrence risk, risk management, and family screening as well as counseling to support informed decision making and psychosocial adaptation. 14 For individuals and families affected by CHD, a genetic diagnosis has implications for psychological and behavioral adjustment and family planning, and can also have important implications for clinical management and family screening. Individuals with variants in specific genes known to be associated with the development of conduction abnormalities or cardiomyopathies, such as NKX2-5, TBX5, and TBX20, are key examples. [15] [16] [17] Individual genetic variation may also influence postsurgical outcomes, including postoperative tachycardia, 18 tolerance to ischemic and reperfusion injury, 19 neurocognitive impairment, 20 and risk of death or transplantation. 21 These findings suggest that molecular diagnosis may lead to improvements in patient quality of life and potentially even survival. Expanding application of genetic technologies also creates a growing need to assist individuals and families in navigating the complexities associated with incidental findings or findings of uncertain clinical significance. 22, 23 While referral to cardiac genetics services is still relatively uncommon in day-to-day pediatric cardiology, 24 it is imperative that we develop a deeper understanding of parents' perceptions of, and preferences for, such services. 25 In an earlier study, 24 we found that most parents of a child with CHD (87%) perceived genetic factors as "quite" or "extremely" important in CHD development and that many (73%) wanted information about CHD and genetics; however, only 36% of participants could recall receiving genetics information, most commonly from a pediatric cardiologist (73%) or website (56%). 24 Moreover, we found that only 22% of families had previously accessed pediatric cardiogenetics services, with the presence of a syndrome associated with CHD (OR = 17.93; p o 0.001) and fetal cardiac diagnosis (OR = 4.13; p = 0.02) most strongly influencing attendance. 24 More recently, we found almost all parents (98%) perceived information on CHD recurrence risks as important, yet only 7% could recall receiving this information from a health professional. 26 Individualized genetic counseling sessions tailored to CHD have been shown to be highly beneficial for parents of children with CHD, with improvements in parents' knowledge of CHD causation and enhanced psychological wellbeing, including greater perceived personal control and reduced guilt, shame, depression, anxiety, and emotional stress. 26 Developing evidence-based models for implementing interventions such as these into clinical practice is a logical and much-needed next step.
It is important when designing health services to understand how individuals make health care choices, and what aspects of a health service they value most. Discrete choice experiments (DCEs) are one means of investigating preferences for goods and services and are increasingly used in health services research, 27 particularly when there is limited evidence on potential engagement with new services. In a DCE, respondents are asked to choose between a series of alternatives (or profiles) that present different health services or interventions. Services are described in terms of their characteristics (or attributes), for example, who provides the health service, and in what form. By systematically varying the combinations of attributes presented in each alternative and asking respondents to choose their preferred option, the analysis of these repeated choices shows how individuals trade off between attributes when making their choices, hence describing their preferences for those attributes. 28 To our knowledge, there are no published studies examining the preferences of parents of children with congenital heart disease for genetics services tailored to CHD. The primary aim of this study was to apply DCE methodology to estimate parents' preferences for clinical genetics services for CHD. A secondary aim was to examine the likelihood that parents would attend their preferred cardiac genetics service.
MATERIALS AND METHODS

Participants
Parents or guardians of a living child diagnosed with CHD between 2000 and 2009 who had undergone cardiac surgery were identified via the Department of Cardiology databases at the Sydney Children's Hospital, Australia. Parents of children with heritable heart diseases (e.g., aortopathy, inherited arrhythmias, cardiomyopathies) were not included. Contactable, fully consented individuals were eligible for participation if they were aged > 18 years and could participate in English. To limit the burden on families, one parent per family was invited, with the decision regarding who took part left to each family.
Procedure
The study was approved by the South Eastern Sydney Illawarra Area Health Service Human Research Ethics Committee (approval 08/202), and informed consent was obtained for all participants. A study package comprising an invitation letter from the child's pediatric cardiologist, participant information sheet, questionnaire, and reply-paid envelope was mailed to all eligible families. Reminder letters and telephone calls were made, as appropriate, to parents who did not return the questionnaire within 1 month. In accordance with a stipulation from the Human Research Ethics Committee, no further attempts were made to contact families after one telephone conversation and a second mailout.
DCE design
A DCE was developed specifically to assess parents' preferences for various attributes of a hypothetical pediatric cardiogenetics service. A systematic review of the literature and consultation with experts from a variety of fields (clinical genetics, genetic counseling, pediatric cardiology, medical psychology, health economics) informed the choice of four attributes included in the DCE (appointment format, health professionals involved, waiting time, information format), each with three possible levels (see Figure 1 for an example choice set and Supplementary Table SA online for the full list of attribute levels). From the initial 81 possible choice combinations in the full factorial, a fractional orthogonal design comprising nine choice sets was selected and tested using online design software. 29 Each respondent was presented with all nine choice sets. Before they completed the choice sets, respondents were provided with a description of the context in which they were being asked to choose between options for CHD genetic risk assessment and a description of each of the attributes and levels. Respondents could refer back to these definitions when necessary. In each choice set, respondents were asked to indicate which appointment type they preferred, with a follow-up question on whether they would accept a referral to that appointment if offered ( Figure 1 ). Prior to administration, the DCE was pilot-tested with a convenience sample of five parents of children with CHD. The results showed that the DCE was easy to understand and complete and required no modification.
Demographic and clinical characteristics
Seven demographic items were assessed: parent age, education, gross annual household income (categorized as above or below the national average based on the Australian Survey of Income and Housing 30 ), birthplace, language most commonly spoken at home, relationship to the child with CHD (e.g., mother), and residence at time of childbirth. Participants were asked if their child had been diagnosed with, or if they suspected their child had, a chromosomal abnormality or syndrome, and if they had previously attended a genetics service to discuss their child's heart condition.
Statistical analysis
DCE analysis exploits the relationship between respondents' choices and the choice profiles, revealing the impact on choice of differences between the attributes for the options being compared. 27, 28 Our analysis adopted this approach, focusing on the mean choice coefficients across respondents using a multinomial logit analysis, then a mixed logit analysis to incorporate the extent to which there was heterogeneity across respondents in what influenced their choices. 28, 31 Heterogeneity in preferences was explored by applying the method described by Hole, 31 which estimates the extent to which attributes influence choice (reported as means), as well as the extent to which respondents differ in the influence of those attributes (reported as the standard deviation around each attribute mean). For each multinomial logit and mixed logit analysis, we specified models with and without a constant, to test whether respondents were systematically choosing the left-or right-hand profile in each choice set (the columns labeled "Appointment A" and "Appointment B" in Figure 1 , respectively). Only respondents who completed all nine choice sets were included in the analysis. The impact on the results of excluding respondents who completed fewer than nine choice sets was tested in a sensitivity analysis. An additional sensitivity analysis was carried out to examine the impact on preferences of respondents who had previously attended a cardiac genetics service.
An important output from DCE analyses is the ability to predict the likelihood that individuals will use the service under investigation. 28 In the present study, the likelihood of service use was examined using the results of the mixed logit analysis, using pairwise comparisons to estimate the probability that respondents would use one of four new service models compared with the current approach to cardiac genetics service provision. The four new service models included one featuring the combination of the most influential levels for each attribute and three other service Figure 1 Example of a choice task offered to participants. Each participant completed nine such tasks. Hypothetical services differed on four attributes: appointment format, type of health professionals who provide the service, appointment waiting time, and the format in which information is provided. In each task, participants were asked to choose between two cardiac genetics service models. Participants were also asked to indicate whether they would accept a referral to attend their preferred service.
models based on plausible combinations of the remaining attribute levels (see Table 2 for a description of each service). All analyses were carried out using StataCorp software, Stata 12 (College Station, Texas).
RESULTS
Response rates and sample characteristics
A total of 257 eligible families were identified. Of these, 44 were not contactable (incorrect address, disconnected telephone), 21 declined to participate, and 78 did not return the questionnaire. The result was 114 returned questionnaires, a participation rate of 53.5% among eligible, contactable families (114/213). Participants and nonparticipants did not differ according to child's age (p = 0.90), child's sex (p = 0.50), or presence of single-ventricle CHD (p = 0.29).
A total of 100 individuals (87.8% of 114 participants) completed all nine DCE choice sets. The mean age of respondents was 36.4 years (SD = 5.4), the majority were mothers (80.0%), most were born in Australia (79.0%) and predominantly spoke English at home (90.0%). Approximately one-quarter of respondents (24.0%) had previously attended a genetics service for CHD, 79.2% of whom were parents of a child with a genetic syndrome. Of those who had had no previous exposure to cardiac genetics services, less than one-third (29.3%) could recall receiving information about CHD and genetics; for those who could, the most common information sources were a pediatric cardiologist (22.4%), the Internet (22.4%), and/or a leaflet (14.5%). Participants who did not complete all choice sets (12.2%) differed from those who did in terms of several demographic characteristics ( Table 1 ). The implications of these differences for understanding respondents' preferences were tested in a sensitivity analysis.
Understanding choices
The results of both the multinomial logit and mixed logit analyses showed respondents were more likely to choose a cardiac genetics service involving (i) only one appointment, (ii) both a clinical geneticist and a genetic counselor, (iii) provision of Web-based as well as verbal information about CHD and genetics, and (iv) availability within 2 weeks ( Figure  2 and Supplementary Table SB online). These were the attribute levels with the greatest positive influence. Model fit statistics (log-likelihood and R 2 ) indicated that the mixed logit was a better representation of the choice data (Supplementary Table SB online). Based on model 3, for example, we observed that offering an appointment with both a clinical geneticist and a genetic counselor increased the likelihood of choosing the service by 1.54 (p o 0.01) compared with the presence of a clinical geneticist only.
Results from the mixed logit analysis also indicated that respondents differed in the extent to which they were prepared to trade off between the attributes; the significant standard deviations on all attributes demonstrate preference heterogeneity among respondents. This was most evident for the number of appointments; 18% of participants preferred two appointments-initial and follow-up-to a single appointment, and 23% preferred ongoing appointments to a single appointment. While most participants preferred having both clinician types present at their appointment, 1% of participants reported a preference for a clinical geneticist only. Respondents also differed in how they were influenced by the 6-week waiting time compared with 6 months; 56% of participants preferred the shorter waiting time, whereas 44% preferred the longer waiting time. Finally, respondents differed in how information format influenced preferences; 36% of participants reported a preference for information presented both verbally and in a booklet rather than verbally alone. Respondents were consistent in how they viewed the trade-offs between other attribute levels.
Sensitivity analyses
The results' sensitivity to variation in model structure, whether respondents completed all choice questions, and previous exposure to cardiac genetics services was tested.
First, the inclusion of a constant term in models 2 and 4 suggested that some respondents displayed a preference for the option that appeared on the right-hand side of the task ("appointment B"). Given that (i) the choice coefficients in these models did not differ from those in models 1 and 3, (ii) a constant was not included in the underlying DCE design, and (iii) the experiment did not include an opt-out option, the main results reported are those from models 1 and 3. Figure 3 Influence of the four attributes on mean probability of choice. Base levels for each attribute are shown in grey. The mean probability of choice at each attribute level was generated by nonparametric bootstrapping of predicted probabilities, given the overall model results and over 1,000 replications. This method utilizes the likelihood of choice from the mixed logit without a constant.
The results, after examination of potential differences in preferences based on whether all choice sets were completed and prior cardiac genetics service attendance, confirmed the choice preferences observed in the main analysis; thus, we did not identify any systematic differences in responses between participants who had versus those who had not previously attended a pediatric cardiogenetics service (results available upon request).
Clinical genetics referral acceptance
In approximately 80% of cases, respondents indicated that they would accept a referral to their preferred service if offered. The influence of attribute levels on choice is apparent in the impact on the probability of a service being chosen by a respondent. Figure 3 shows the average probability of a service option being chosen when each attribute level is present, given all other possible service combinations, and based on the choice relationship in model 3. This shows that having only one appointment, within 2 weeks, with both a clinical geneticist and a genetic counselor, and both verbal and Web-based information has the greatest impact on the probability of a service being chosen. Health professional type (i.e., presence of both types of genetics health professionals) was the most influential attribute.
Based on the relationships in model 3, it is also possible to predict the probability of service use based on a combination of attribute levels that might apply. Four possible service models (services 1-4), including the service associated with the most influential attribute levels, were chosen to test possible variations from the current service delivery model ( Table 2 ). The probability of choosing each of these services was tested against that of the current model (service 5). The resulting probabilities of uptake for each service (services 1-4) in pairwise comparisons with service 5 show that service 1 was most popular; 93% of respondents indicated that they would attend this service, if available. This is consistent with the attribute levels shown to be most favorable in model 3.
DISCUSSION
An important determinant of people's experience of health care is how health services are delivered. This includes who provides the health service, in what format it is provided, how often, and when. Understanding how individuals might choose to participate in health care based on each of these factors is essential if we are to provide services that maximize participation in care. DCEs have been used to investigate these questions in several areas of health care, including participation in genetic screening and carrier testing. 32 To our knowledge, this is the first study to use DCE methods to identify parents' preferences for clinical genetics services tailored to congenital heart disease. This approach allows estimation of preferences for novel technologies and health services before, rather than after, their implementation. This enables service design to better reflect the preferences of future users before implementation, maximizing potential uptake and impact. The challenge for service providers will be to design services that best match these preferences. Achieving rapid appointment times may be particularly challenging, given the demand for pediatric cardiogenetics services, [24] [25] [26] the high prevalence of CHD relative to other congenital anomalies, 1 and the limited number of specialists to provide such services. Awareness of the burden this could place on understaffed genetics services, and strategies for addressing this, are much needed and reflect an issue affecting current practice models and the clinical genetics workforce globally.
This study provides further evidence of a high willingness to access pediatric cardiogenetics services. 24 Parents of children with CHD have an overwhelming preference for cardiogenetics services featuring (i) a single appointment, (ii) the presence of both a clinical geneticist and a genetic counselor, (c) spoken and Web-based information, (d) and availability within 2 weeks. If offered such conditions, 93% of respondents indicated that they would attend. This is an important finding because it indicates that providing genetic counseling with reduced appointment waiting time would result in attendance by almost all parents offered a referral. Independent of patient preference, there are obvious Table 2 Predicted service use, indicating the probability of each service being used, based on the relationships observed from the mixed logit regression model without a constant Probabilities of service uptake are relative to service 5 (probability of uptake for service 5 shown in parentheses).
advantages to this approach. While the diagnosis of CHDassociated syndromes is the province of the clinical geneticist, emphasis on both medical and emotional aspects of genetic assessment for CHD is consistent with the profound psychological consequences of complex CHD reported by parents. 33 Access to counseling and support of the type a genetic counselor can provide is likely to improve parents' understanding of, and psychological adaptation to, their child's heart condition 26 and is consistent with evidence on the clinical benefits of, and patients' preferences for, integrated interdisciplinary health care. 33 DCEs examining preferences for genetic services in other clinical settings (e.g., cancer, mental health) have also found that individuals place high value on appointment waiting time, 34 mode of service delivery, 34 and information provision. 32 Peacock et al. 32 investigated women's preferences for genetic counseling for breast and ovarian cancer risk, focusing on amount of information provided, counseling in preparation for test outcomes, guidance regarding surveillance and risk management, and genetic testing recommendations. Respondents valued information provision above all other factors, with women valuing information about cancer genetics nine times more than direct guidance regarding whether to undergo genetic testing. This is consistent with the goals of genetic counseling, which include providing information about disease and genetic factors that may influence risk, symptomatology or treatment, and facilitation of autonomous health decision making. Our finding that respondents preferred genetics information in both verbal and Webbased formats is also consistent with previous research. In a study by Kasparian et al., 35 parents of children with CHD reported a strong desire for Web-based health information, or eHealth, recommended by their pediatric cardiac team. Webbased information was reported to influence medical decision making for over half the sample, despite relatively low levels of eHealth literacy. 35 Several study limitations must also be considered. Unlike some DCEs in clinical genetics, we did not include cost in our study, because pediatric cardiogenetics services are offered free of charge within our center, as in most Australian centers. This means that it is not possible to estimate parents' willingness to pay for the presence of two clinicians or shorter waiting times, for example. Previous DCEs have also considered the impact of genetic test results on respondents' preferences. In contrast, our research investigated parents' decision to attend a pediatric cardiogenetics service irrespective of genetic testing availability. In so doing, we focused on how such services might best be structured rather than on the nature of information provided within those services. This was considered important in a first study on parents' preferences for clinical genetics services for CHD, given limited available evidence on the clinical implications of such information and the rapidly evolving nature of the field. 9 We are not aware of evidence suggesting systematic differences in men's and women's DCE responses, but acknowledge the low proportion of fathers who participated, potentially limiting the generalizability of results. Research investigating the preferences of parents of more recently diagnosed children, of adolescents and young people with CHD, and of bereaved families will broaden the evidence from which to inform best practice in pediatric cardiogenetics.
Potential practice models in pediatric cardiogenetics
Our findings suggest at least three potential models for the integration of clinical genetics services into CHD care, each with strengths and weaknesses. The model most strongly supported by our results is one in which all children with CHD are referred to an interdisciplinary pediatric cardiogenetics service, ideally colocated with the referring cardiac center. Genetics assessment would include consideration of family history, potential teratogenic exposures, and examination for features suggestive of an underlying syndromal cause. Although most CHD is multifactorial in causation, parents (particularly those considering additional children) would benefit from reassurance around exposures during pregnancy and empirically established recurrence risks, informed by expert opinion about the likelihood of a Mendelian cause. Genetic counseling would be offered hand-in-hand with medical evaluation and would be tailored to meet the psychosocial needs of families, including referral to medical psychology services when indicated. However, it is unlikely that such a model could deliver the prompt appointment scheduling preferred by parents, and the resource and funding implications are prohibitive.
Given these constraints, other models require consideration. There is a strong case for further development of genetic counselors' role in CHD care. 26 There are existing models in cardiac genetics (e.g., cardiomyopathies, disorders of cardiac rhythm) for participation of genetic counselors in cardiologist-led services, 36 with consultation with clinical geneticists as required. Some upskilling of pediatric cardiologists and cardiac surgeons would be needed to ensure equitable access and to triage patients for genetics review. While this would not directly match the preferred model suggested by our data, it would meet some of the requirements-particularly for speed and genetic-counselor involvement. Building on, rather than replacing, existing models has obvious advantages.
Finally, consideration could be given to focusing almost entirely on empowering pediatric cardiologists and cardiac surgeons to take on a substantial part of the genetics assessment and even counseling. While this group of health professionals has considerable relevant knowledge and immediate access to the patient, it seems unlikely that most cardiologists would have time for these tasks. At a minimum, a proportion of the required information could be streamlined through the use of eHealth (online) resources. 35 These would not replace clinical assessment or care provided by genetics professionals, but they could provide an educational grounding to facilitate clinical interactions and support informed decision making. eHealth resources developed by an interdisciplinary team also have the advantages of being easy for patients and families to reaccess at various points throughout the care trajectory and of being inexpensive for health professionals to maintain and update as genetic knowledge and technologies evolve. Irrespective of the service model, our data suggest that best practice is for every pediatric cardiac center to have access to clinical genetics services and resources for CHD.
Conclusion
As the molecular basis of CHD comes into sharper focus, cardiac genetics services are likely to play an increasingly important clinical role. Research shows that genetic factors play a role in almost all parents' causal attributions for CHD. 24 Understanding families' preferences for novel genetic technologies and services before, rather than after, their implementation is vital for informing health policy and shaping future health services. Modeling the factors that influence engagement with cardiac genetics services can ensure that such services are designed to meet participation targets. In this study, we found that parents espoused a "tell me once, tell me soon" model of clinical genetics services for CHD. Gaining a deeper and more precise understanding of the aspects parents value most in relation to these services and developing, testing, and implementing innovative practice models to improve service access, use, outcomes, and cost are necessary next steps.
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